The same plasmid carrying bla CTX-M-14b was identified from an Escherichia coli isolate and an Enterobacter cloacae isolate collected from cattle in the United Kingdom by complete plasmid sequencing. This 35,341-bp plasmid, pSAM7, had an IncX4 backbone that is 99% identical to that of pJIE143 from a human isolate in Australia. PCR screening identified pSAM7-like plasmids in three other E. coli isolates of different multilocus sequence types isolated from cattle on different farms in the United Kingdom.
T
he dissemination of extended-spectrum-␤-lactamase (ESBL) genes via plasmids is a worldwide problem, with genes of the bla CTX-M group being the most widespread plasmid-mediated genes encoding ESBL (1, 2) . bla CTX-M genes have been found in various members of Enterobacteriaceae isolated from both humans and animals. The bla CTX-M-14 gene is frequently found in human isolates in Asia (3, 4) and some parts of Europe (5), but in the United Kingdom it is more prevalent in animal isolates (6) . bla CTX-M-14 has been associated with pCT-like IncK plasmids in the United Kingdom and around the world, with apparent transmission of this plasmid between human and animal isolates (6, 7) . Here, small (35-kb) plasmids carrying bla CTX-M14b from Escherichia coli and Enterobacter cloacae isolates collected from cattle in the United Kingdom were sequenced and annotated.
E. coli isolate SAM7 was obtained from cattle feces in 2008 and Enterobacter cloacae ECR528 from waste milk (milk from cows treated with antibiotics that was not suitable for human consumption) from a different farm in 2012, during routine screening for ESBL genes. The bacterial species were identified using matrixassisted laser desorption ionization-time of flight (MALDI-TOF) analysis (8) . ESBL plasmids from both bacterial species were conjugated into Salmonella enterica serovar Typhimurium 26R, using a surface mating method with a 10:1 recipient-to-donor ratio, and transconjugants were selected on Rambach agar containing 100 g/ml rifampin and 1 g/ml cefotaxime. Transconjugants from both isolates were found to carry a 35-kb plasmid by S1 nuclease digestion and pulsed-field gel electrophoresis (PFGE) (9 and data not shown). They could not be typed by the original PCR-based replicon typing (PBRT) scheme available at the time (10), so both plasmids were sequenced for further characterization. Total plasmid DNA was extracted from each isolate using a Qiagen Hi Speed plasmid Midi kit following the manufacturer's protocol and electroporated into Electromax DH10B E. coli cells (Invitrogen), and transformants were selected with 4 g/ml cefotaxime. Plasmid DNA was isolated from transformants using a Qiagen large construct kit. A DNA library prepared from 500 ng of DNA following Roche protocol 2.3 was sequenced on one-eighth of a plate using a Roche 454 GS-FLX system. Sequences were assembled using Newbler version 2.3 (Roche), and Ͼ240-fold coverage was achieved. Single contigs were closed by PCR (Table 1 ) and ABI sequencing.
Plasmids from E. coli and Enterobacter cloacae were found to be 100% identical, and the 35,341-bp plasmid was designated pSAM7. BLAST searches of GenBank indicated that the backbone of pSAM7 was closely related to the newly defined IncX4 group of plasmids (11) , with the highest identity (99%) to pJIE143 (GenBank accession no. JN194214) harboring bla CTX-M-15 from an E. coli isolated from a human in Australia in 2006 (12) . pSAM7 was also related to pJEG012 (KC354802) (93%) from Klebsiella pneumoniae, also isolated in Australia and carrying the antimicrobial resistance genes aacA4, aadA1, and bla OXA-9 (13) , and other IncX4 plasmids, pBS512_33 (CP001059) (93%) from Shigella boydii, pSHS696_34 (JX258654) (91%) from Salmonella enterica serovar Heidelberg, and pCROD2 (FN543504) (88%) from Citrobacter rodentium (14) , none of which harbor any antimicrobial resistance genes. Annotation using RAST (15) and Artemis and comparisons with pJIE143 and pBS512_33 identified 51 open reading frames (ORFs), of which 20 were hypothetical. Alignments carried out using the WebACT comparison tool (16) revealed high levels of identity in large parts of the plasmid backbones ( Fig. 1) . As described for pJIE143, the initiation of replication in pSAM7 is likely to be mediated by the pir-encoded replication initiation protein and several iterons (12) . All iterons in pSAM7 were identical to those in pJIE143, apart from ␥3, which differed by two nucleotides (bold) (AAACATGATAACTTCCTC GGTT in pSAM7 and AAACATGAGAGCTTCCTCGGTT in pJIE143).
Conjugation of IncX plasmids involves the products of the 11 traX (pilX) genes, three tax genes (taxA, taxB, and taxC), and oriT␣ (17) . Like other IncX4 plasmids, pSAM7 contains the hicAhicB addiction system (18) and a partitioning gene, parB, adjacent to a resolvase. pSAM7 has two short insertions absent from pJIE143, the first between positions (bp) 6061 and 6377 in a conserved hypothetical gene in pJIE143 (positions 8971 to 9222) (12) . This insertion is flanked by nearly perfect direct repeat sequences GGACAGAATCACCTGTATGTC (positions 6040 to 6060) and GGACAAAATGACCTGTATGTC (6377 to 6397). A similar insertion that includes these repeats is present in pCROD2 (91% identical) (14) . The other insertion is between positions 10489 and 10925 of pSAM7, part of a hypothetical coding sequence (10268 to 10843). This region is also present in the IncX4 plasmids pSH696_34 and pBS512_33 and the IncX1 plasmid pE001 (19) . ISEcp1 transposition units carrying bla CTX-M-9 group genes usually contain a 920-bp region corresponding to the Kluyvera georgiana chromosome with IS903 2 bp after the stop codon of bla CTX-M (Fig. 2) (20, 21) . In pSAM7, a 1,256-bp region matching K. georgiana is followed by a 108-bp fragment of the IS26 insertion sequence. Downstream of this is a region consisting of 177 bp corresponding to an internal part of a gene encoding an S-methylmethionine permease found in several E. coli chromosomes. This 3,246-bp transposition unit is flanked by 5-bp direct repeats (TA AAA) characteristic of ISEcp1 transposition. This combination of different components suggests that the transposition unit in pSAM7 may have been compiled from segments acquired in different ISEcp1 transposition events (22) . A similar transposition unit with the IS26 fragment but only 73 bp of the S-methylmethionine permease gene is also present, flanked by direct repeats of ATATA, in the IncL/M plasmid pJEG011 (KC354801) from the same K. pneumoniae isolate as pJEG012 (13) . The transposition unit in pSAM7 is inserted 97 bp upstream of the hicA gene, while in pJIE143 the ISEcp1-bla CTX-M-15 -orf477⌬ transposition unit is inserted 22 bp downstream of the pir gene, flanked by direct repeats of GGATA (12) , indicating different insertions of bla CTX-M genes in the same backbone. No other known antimicrobial resistance or virulence genes were identified in pSAM7.
Sequence comparisons were used to design primers to detect pSAM7-like plasmids ( Table 1 ). The genetic markers selected were the pir (Rpir), hicA (RhicA), and pilX5 (Rpilx5) regions, a hypothetical gene (Hyex), and the transposition unit (Smet). Sequence differences between pir genes would be expected to pre- vent binding of the Rpir primers to pCROD2 and pSH696_34, the RhicA region is absent from pBS512_32 and pJEG012, and Hyex is present only in pSAM7 and pSH696_34. The original isolates, transconjugants, and transformants carrying pSAM7 produced all five amplicons, while JIE143 carrying pJIE143 (12) produced Rpir, Rpilx5, and RhicA amplicons only, as expected. The same primers were used to screen 42 E. coli isolates, collected from the United Kingdom, The Netherlands, or Germany between 2004 and 2009, which had been identified as having small plasmids carrying ESBL genes (unpublished data). Isolates carried bla CTX-M-1 (human n ϭ 9, cattle n ϭ 7, poultry n ϭ 5, pig n ϭ 4), bla CTX-M-14 (human n ϭ 2, cattle n ϭ 5), bla CTX-M-15 (cattle n ϭ 2), bla TEM-52 (poultry n ϭ 7), or bla SHV-12 (human n ϭ 1) as determined by PCR and sequencing. Six of the 42 isolates had at least three of the markers pir (Rpir), hicA (RhicA), and pilX5 (Rpilx5) ( Table 2) . Transconjugants carrying ESBL genes from three isolates, collected from cattle at different farms in the United Kingdom, had an ϳ35-kb plasmid by S1/PFGE (data not shown) and all of the pSAM7 markers and carried bla CTX-M-14 in the same genetic environment as in pSAM7 ( Table 2) . Comparison of these isolates by PFGE and multilocus sequence typing (MLST) (following the protocol available at http://mlst.ucc.ie/mlst/dbs/Ecoli) (23) showed that they were not related to each other (ST117, ST559, and ST2177) or to SAM7 (ST10). Thus, pSAM7-like plasmids are moving between E. coli sequence types.
The original PBRT scheme (10) included primers to detect IncX2 plasmids, typified by R6K, but not IncX1 plasmids, typified by R485 (24) . Primers are now available to detect IncX1 and IncX2 plasmids and two additional groups, IncX3 and IncX4 (11) . The IncX4 primers in the taxC gene are designed to detect all IncX4 plasmids (11) , while the markers used here differentiated pSAM7 from other IncX4 plasmids. The similarity between pSAM7 and pJIE143 suggests that these plasmids share a ancestor which has been in the bacterial population for some time, as is evident from their identification from isolates with no epidemiological links on separate continents. To date, pSAM7-like plasmids have been found only in isolates from cattle in the United Kingdom, which may act as a reservoir, but the similarity to pJIE143 suggests that pSAM7 may be able to facilitate spread of bla CTX-M-14b from animal to human isolates. These plasmids are capable of conjugation, as is evident from the occurrence of pSAM7 in two different bacterial genera and its ability to transfer to S. enterica serovar Typhimurium from both original isolates and transformants. pSAM7 and pJIE143 and other IncX4 backbones may represent emerging vectors for bla CTX-M genes, conferring resistance to extendedspectrum cephalosporins in Enterobacteriaceae. This work shows that IncX4 plasmids play a role in disseminating bla CTX-M-14b between different species of bacteria. Several other IncX plasmids bearing important ␤-lactamase genes, including IncX1 plasmids carrying bla TEM-52 in E. coli and Salmonella found in meat imported into Denmark from The Netherlands and Germany, have been reported recently (19) . bla KPC carbapenemase genes have also been identified on the IncX3 plasmid pKpS90 (bla KPC-2 ) (25) and a novel IncX5 plasmid (bla KPC-5 ) (26), both isolated from K. pneumoniae.
Nucleotide sequence accession number. The sequence of pSAM7 from E. coli SAM7 has been submitted to GenBank under accession number JX981514.
